Abstract
Background
Hepatocellular carcinoma (HCC) is the fifth most common cancer in men and the seventh most common cancer in women, and it is the third most common cause of cancer-related death worldwide [1] . The 2010 incidence and mortality of liver cancer in China were among high levels worldwide [2] . Most HCCs develop within an established background of chronic liver disease, and the most common risk factor for HCC is hepatitis B virus (HBV) infection [3] . High levels of serum HBV DNA are associated with an increased risk of developing HCC [4] , and nomograms based on clinical characteristics, including serum hepatitis B e antigen (HBeAg) status and HBV DNA level, can predict the risk of developing HCC [5] . Additionally, in HBV-related HCC, high levels of serum HBV DNA appear to be associated with poor prognosis [6] [7] [8] . Therefore, careful management of HBV infection is needed in the management of HBV-related HCC [9] .
Hepatic resection has been the standard curative treatment for HCC. However, a high rate of tumor recurrence has been reported after surgery [10] . So far, no effective adjuvant treatment option has been proven to reduce the risk of recurrence [11] . Recently, some studies demonstrated that antiviral therapy with nucleotide/nucleoside analogs (NAs) was associated with prolonged disease-free survival (DFS) and overall survival (OS) after hepatectomy of HBV-related HCC, suggesting that antiviral treatment may offer clinical benefits in HCC patients with HBV infection [12] [13] [14] [15] . However, most of these studies did not stratify the patients into specific subgroups based on tumor stages or HBV DNA levels, and the results of these studies were contradictory. Early-stage tumors tend to be associated with a better prognosis than intermediate-stage tumors, and antiviral treatment may confer a significant survival benefit compared with non-antiviral treatment [16, 17] . Another issue that should be considered is the HBV DNA load. Whether it is necessary to give antiviral treatment to HCC patients with low or even undetectable HBV DNA levels remains controversial [18, 19] . So far, no consensus on this issue exists, and the indications for antiviral treatment in patients with HBVrelated HCC remain uncertain.
In this retrospective study, we used strict classification of patients into subgroups, comparison of DFS and OS, and multivariate analysis to (1) 
Patients and methods

Patients
This retrospective cohort study in a tertiary academic hospital was approved by the Institutional Review Board of Sun Yat-sen University Cancer Center in Guangdong, China. We included patients who were initially diagnosed with hepatitis B surface antigen (HBsAg)-positive HCC and underwent curative resection between January 2005 and December 2008 at the Hepatobiliary Department of Sun Yat-sen University Cancer Center. Prior to obtaining tissues, written informed consent was obtained from each patient.
Preoperative evaluation
As described previously [20] , baseline examinations (within 10 days before surgery), including serum HBV DNA quantification, detection of HBsAg, and liver function tests, were routinely performed. Serum HBV viral loads were measured by using a quantitative fluorescence polymerase chain reaction detection kit (DaAn Gene Corporation, Guangzhou, China) with a lower detection limit of 200 IU/mL. Dynamic contrast-enhanced computed tomography (CT) and/or magnetic resonance imaging (MRI) were used to assess the intrahepatic tumor. The preoperative diagnosis of HCC was based on the criteria established by the European Association for the study of the liver [21] .
Inclusion criteria
To be included in our study, patients had to meet the following criteria: (1) ≥18 years old, (2) hepatic resection for initial HCC treatment, (3) UICC TNM stage T1N0M0 or T2N0M0, (4) curative treatment (pathologic confirmation of negative resection margin) and no local recurrence within 3 months after surgery, (5) HBsAg positivity, (6) no anti-HBV treatment before surgery, (7) adequate baseline liver function (Child-Pugh grade A) and adequate renal function (serum creatinine <124 µmol/L), and (8) no tumor rupture before or during surgery.
Exclusion criteria
Patients who met any of the following criteria were excluded: (1) HBsAg negativity, (2) evidence of co-infection with other hepatotropic viruses or human immunodeficiency virus, (3) any prior treatment for HCC, (4) Child-Pugh grade B or C, (5) presence of other malignancy or concurrent non-malignant severe illness, (6) tumor stage beyond T2N0M0, (7) recurrence or metastasis within 3 months after surgery, (8) interferon administration after surgery, (9) initiation of NA administration after tumor recurrence, and (10) severe complications or adverse events (including postoperative mortality) within 3 months after surgery.
Tumor characteristics
The diagnosis of HCC was pathologically confirmed after surgery, and the histological differentiation of the tumors were graded from I to IV based on the Edmondson-Steiner classification [22] . Tumor number, maximal tumor size, tumor differentiation, tumor capsulation, the presence of microvascular invasion, and surgical margin were evaluated. Tumor characteristics and UICC TNM stage were comprehensively evaluated.
Definition of curative resection
None of the cases had major vascular invasion. Curative resection was defined as complete removal of all macroscopically evident tumors [15, 23] . The absence of tumor cells along the parenchymal transection line was confirmed histologically. The CT or MRI examination performed 3 months after surgery showed no remaining tumor.
Follow-up protocol
After discharge, each patient received regular examinations and follow-up at 3-month intervals until 3 years after resection, and at 4-to 6-month intervals thereafter. Follow-up ended on December 31, 2014. Serum liver function tests, alpha-fetoprotein (AFP) tests, chest X-ray radiography, abdominal ultrasonography, and CT/ MRI scans were the routine examinations to determine possible recurrence or metastasis. Hepatic angiography, ultrasonic contrast, positron emission tomography/computed tomography, and ultrasound-guided biopsy were performed when necessary.
Statistical analysis
Demographic data [mean, standard deviation, median (P25, P75), and percentage] were calculated. Analyses were conducted using the independent Student's t test (Mann-Whitney test for non-normal distributions), analysis of variance (Kruskal-Wallis test for non-normal distributions), and the Chi square test, as appropriate. The Kaplan-Meier method and the log-rank test were used for survival analysis. DFS was the time calculated from the date of curative surgery to HCC recurrence, death, or the last follow-up; OS was the time calculated from the date of surgery to death or the last follow-up. The Cox proportional hazards model was used in the univariate survival analysis to determine the association of individual clinical variables with OS or DFS. All variables with P < 0.1 were subsequently subjected to the multivariate Cox regression model to determine the hazard ratios (HRs) and the independence of effects. P < 0.05 were considered statistically significant. All statistical tests were two-sided. Data were analyzed using the SAS 9.1 software (SAS Institute, Cary, NC, USA).
Results
General description
During the study period, 729 HCC patients underwent hepatic resection as their initial treatment at Sun Yat-sen University Cancer Center. According to our inclusion and exclusion criteria, 284 patients were excluded, and the remaining 445 patients were enrolled. The patient flow diagram is shown in Fig. 1 .
In total, 192 patients received oral administration of NAs after surgery, with a median antiviral time of 79 months (P25, 47 months; P75, 87 months). Of these, 93, 84, 13, and 2 patients took entecavir, lamivudine, adefovir dipivoxil, and telbivudine as their initial antiviral agent, respectively. During the follow-up, 13 patients received sequential treatments due to partial HBV response or HBV resistance. The common treatment regimens involved lamivudine followed by entecavir-switch (four patients) and adefovir add-on (six patients). Other regimens included adefovir followed by entecavir-switch (two patients) and entecavir add-on (one patient). Based on the stratification of baseline HBV DNA and antiviral therapy, the patients were classified into four subgroups: (1) subgroup 1, antiviral therapy with baseline HBV DNA ≥2000 IU/mL (n = 141); (2) subgroup 2, antiviral therapy with baseline HBV DNA <2000 IU/mL or undetectable (n = 51); (3) subgroup 3, no antiviral therapy with baseline HBV DNA ≥2000 IU/mL (n = 99); and (4) subgroup 4, no antiviral therapy with baseline HBV DNA <2000 IU/mL or undetectable (n = 154). Table 1 summarizes the characteristics of the antiviral group and non-antiviral group. Most variables were similar between these two groups. However, there were significant differences in HBeAg, HBV DNA, alanine aminotransferase (ALT), and serum total bilirubin levels, which may be explained by the fact that, in this retrospective study, patients with higher HBV replication or more severe liver damage tended to be treated with antiviral therapy. The median follow-up period was 74 months. Of the 445 patients, 235 (52.8 %) experienced tumor recurrence, and 141 (31.7 %) died during the follow-up period. The 1-, 3-, 5-, 7-, and 10-year OS rates in all study patients were 96.1 %, 82.6 %, 73.4 %, 65.6 %, and 62.8 %, respectively, whereas DFS rates were 79.8 %, 59.8 %, 51.2 %, 43.3 %, and 42.2 %, respectively (Fig. 2 ).
OS and DFS analysis for all patients OS
Patients in the antiviral group had higher OS rates than patients in the non-antiviral group (P = 0.023; Fig. 3a) . The 1-, 3-, 5-, 7-, and 10-year OS rates in the antiviral group were 96.4 %, 86.9 %, 77.6 %, 71.3 %, and 71.3 %, respectively, whereas the corresponding rates in the nonantiviral group were 96.0 %, 78.8 %, 69.5 %, 61.4 %, and 56.9 %, respectively. Univariate analysis revealed that HBeAg, HBV DNA level, tumor size, tumor number, pathologic differentiation grade, microvascular thrombus, aspartate aminotransferase (AST) level, albumin (ALB) level, antiviral treatment, and recurrence were associated with OS (Table 2) . On multivariate analysis, high baseline HBV DNA, multiple tumors, high pathologic grade, presence of microvascular thrombus, low ALB level, no antiviral treatment, and recurrence were independent risk factors that associated with short OS (Table 2) .
DFS
The 1-, 3-, 5-, 7-, and 10-year DFS rates in the antiviral group were 82.8 %, 61.9 %, 51.5 %, 41.8 %, and 41.8 %, respectively, whereas the corresponding rates in the nonantiviral group were 77.6 %, 57.7 %, 51.0 %, 43.8 %, and 42.3 %, respectively. No significant difference in DFS rates were observed between these two groups (P = 0.809; Fig. 3b ). Univariate analysis showed that HBeAg, HBV DNA level, tumor size, tumor number, and AST level were associated with DFS ( Table 2) . On multivariate analysis, high baseline HBV DNA, tumor size larger than 5 cm, and multiple tumors were independent risk factors that associated with short DFS.
Baseline HBV DNA levels as a risk factor for both OS and DFS
Kaplan-Meier analysis revealed that the OS rates in patients with baseline HBV DNA <2000 IU/mL or undetectable were significantly higher than those in patients with HBV DNA levels ≥2000 IU/ml (P = 0.008; Fig. 3c ).
A similar result was found in the analysis of DFS rates (P = 0.002; Fig. 3d ). Univariate and multivariate analyses CI confidence interval demonstrated that high baseline HBV DNA was a risk factor for short DFS and OS (Table 2) .
Analysis based on the stratification of baseline HBV DNA and antiviral therapy
We stratified all patients by the levels of baseline HBV DNA between the antiviral and non-antiviral groups and evaluated the association of antiviral treatment with long-term prognosis in each stratum. Table 3 summarizes the characteristics of these four subgroups.
The association between baseline HBV DNA and the prognosis of the non-antiviral group (n = 253)
For the 253 patients in the non-antiviral group (subgroups 3 and 4), Kaplan-Meier analysis showed that higher baseline HBV DNA levels were associated with lower DFS and OS rates ( Fig. 4a for OS analysis, P = 0.001; Fig. 4b for DFS analysis, P < 0.001).
Univariate and multivariate Cox models showed that high baseline HBV DNA along with some tumor characteristics (multiple tumors, tumor size larger than 5 cm, and presence of microvascular thrombus) were risk factors for short DFS and OS in the non-antiviral group (Table 4 ).
The effect of antiviral treatment on the prognosis of patients with high baseline HBV DNA (≥2000 IU/mL)
In the antiviral group with high baseline HBV DNA, the OS rate was significantly higher than that of the non-antiviral group (Fig. 4a , subgroup 1 vs. subgroup 3, P = 0.001). Both univariate and multivariate analyses identified antiviral treatment as a risk factor linked to OS (Table 5) . As to the analysis of DFS, antiviral treatment conferred a significantly higher DFS rate (Fig. 4b , subgroup 1 vs. subgroup 3, P = 0.041). On univariate analysis, tumor size, tumor number, AST level, . a OS rates between the antiviral and non-antiviral groups. b DFS rates between the antiviral and non-antiviral groups. c OS rates between patients with baseline serum HBV DNA levels of ≥2000 and <2000 IU/mL or undetectable. d DFS rates between patients with baseline serum HBV DNA levels of ≥2000 and <2000 IU/mL or undetectable and antiviral treatment were significantly associated with DFS. On multivariate analysis, tumor size, tumor number, and AST level were independent risk factors linked to DFS, whereas antiviral treatment was not an independent protective factor of DFS in the model (Table 5 ).
The effect of antiviral treatment on the prognosis of patients with low (<2000 IU/mL) or undetectable baseline HBV DNA Kaplan-Meier analysis showed no significant difference in OS rates between antiviral and non-antiviral treatment groups in patients with low or even undetectable baseline HBV DNA (Fig. 4a, subgroup 2 vs. subgroup 4, P = 0.202). Univariate analysis identified the following factors as significantly associated with OS: tumor size, tumor number, and recurrence. On multivariate analysis, only recurrence was an independent risk factor linked to OS ( Table 6 ).
As to the analysis of DFS, no significant difference was observed in DFS rates between the antiviral and nonantiviral groups in patients with low or even undetectable baseline HBV DNA (Fig. 4b, subgroup 2 vs. subgroup 4, P = 0.777). Both univariate and multivariate analyses showed that tumor number and tumor size were prognostic factors related to DFS (Table 6 ). Antiviral treatment was not a risk factor related to OS or DFS in the analysis.
Patients with high HBV DNA load and no antiviral treatment had the worst prognosis
Kaplan-Meier analysis showed that subgroup 3 had a significantly lower OS rate compared with the other three subgroups (subgroup 3 vs. subgroup 1, P = 0.001; subgroup 3 vs. subgroup 2, P = 0.000; subgroup 3 vs. subgroup 4, P = 0.001). Among subgroups 1, 2, and 4, the differences were not significant (Fig. 4a) . As for DFS, similarly, subgroup 3 had a significantly lower DFS rate compared with the other three subgroups (subgroup 3 vs. subgroup 1, P = 0.041; subgroup 3 vs. subgroup 2, P = 0.009; subgroup 3 vs. subgroup 4, P = 0.000). Subgroup 4 appeared to have a higher DFS rate than subgroup 1, but the difference was not significant (P = 0.082). As to the comparisons between subgroups 2 and 4 and between subgroups 1 and 2, the differences were not significant (Fig. 4b) . Definition of the four subgroups: (1) subgroup 1, antiviral therapy and baseline HBV DNA ≥ 2000 IU/mL (n = 141); (2) subgroup 2, antiviral therapy and baseline HBV DNA <2000 IU/mL or undetectable (n = 51); (3) subgroup 3, non-antiviral therapy and baseline HBV DNA ≥2000 IU/mL (n = 99); and (4) subgroup 4, non-antiviral therapy and baseline HBV DNA <2000 IU/mL or undetectable (n = 154) 
Discussion
In the present study, we found that baseline HBV DNA level was a significant prognostic factor that influenced both OS and DFS of early-stage HCC patients undergoing curative resection, which was consistent with the findings of most previous studies [24] [25] [26] [27] . The precise mechanism for recurrent carcinogenesis in patients with high HBV DNA levels remains unclear. It is possible that active viral replication may contribute to hepatocarcinogenesis by direct and indirect pathways [28] . Clearly, recurrence tends to shorten OS of cancer patients. One study showed that sustained low HBV load below 2000 IU/mL was a strong protective factor for long-term DFS and OS after curative resection in HBV-related HCC [23] . In addition, the effect of NAs differs in patients with different tumor stages [16, 29] . Therefore, HBV DNA level, tumor stage, and liver function should be considered before administration of NAs [18] . In the present study, no significant differences were observed in DFS rates between the antiviral and nonantiviral groups, whereas the OS rates were higher in the antiviral group than in the non-antiviral group. Treatment was an independent prognostic factor related to OS, which is consistent with the results of a prospective-retrospective study carried out in Hong Kong [30] .
However, other studies reported that antiviral therapy reduced the risk of recurrence of HCC after curative therapy [14, 15] . The discrepancy in the results regarding tumor recurrence could be due to different study populations (including tumor stage) and study designs. As to the effect of antiviral therapy on OS, there are several possible explanations. First, antiviral treatment could reduce the risk of HBV reactivation, and subsequent liver dysfunction after surgery, which would reduce perioperative liver-related mortality [20, 31] . Second, better liver function preservation at the time of recurrence could translate into a high proportion of patients receiving more aggressive curative or palliative treatment at the time of recurrence to extend OS [30, 32] . Third, although not well defined, antiviral therapy can decrease the hepatitis activity caused by HBV, leading to a reduced risk of latephase recurrence of HCC, which can therefore increase the OS rate [33] .
In the stratification analyses, antiviral treatment was associated with better prognosis (both OS rate and DFS rate) in patients with high baseline HBV DNA levels. However, in patients with low or undetectable baseline HBV DNA levels, no significant difference was found in either DFS rate or OS rate between the antiviral and non-antiviral groups. In this population, univariate and multivariate analysis did not identify antiviral treatment as a risk factor for DFS or OS. A previous study demonstrated that patients with persistently low HBV DNA levels had better survival results compared with those with high or fluctuating HBV DNA levels [23] . Although the stratification in our study was based on the evaluation of baseline HBV DNA at resection, most (135/154, 87.6 %) of the HBV DNA levels in subgroup 4 remained stable during the follow-up period (data not shown). In 33.1 % (51/154) of the patients, serum HBV DNA was even undetectable. The results indicated that HCC patients with low or undetectable HBV DNA load may not significantly benefit from antiviral therapy as patients with high HBV DNA load did. However, some weaknesses could be noted in our study. First, the proportion of para-tumorous liver cirrhosis was higher in subgroup 2 (Table 3) , which may be explained by the fact that patients with cirrhosis were more likely to be treated with NAs. Second, the mean tumor size in subgroup 2 was smaller than that in subgroup 4, which might have positively affected the outcome of the antiviral group. Third, administration of NAs was not randomized, which may have caused selection bias. In addition, for the OS curves, a small gap was observed between these two subgroups (subgroups 2 and 4), although no significant difference existed. Therefore, the results should be interpreted very carefully.
So far, no consensus exists on the indications of antiviral therapy for HCC patients with low HBV DNA load. Many guidelines have recommended NAs for patients with chronic HBV infection, evidence of active viral replication (≥2000 IU/mL), and elevated levels of ALT [18] . It remains controversial whether HCC patients with low HBV replication should be given antiviral therapy.
In a study aimed to analyze the different prognosis after hepatectomy of HBV-related HCC with or without cirrhosis, the results revealed that antiviral treatment was an independent predictor for prolonged OS in HCC patients with cirrhosis [34] . However, in patients without cirrhosis, antiviral therapy did not significantly associated with either prolonged OS or prolonged DFS after radical resection, which indicated that HCC patients with cirrhosis benefit more from antiviral therapy than do those without cirrhosis. In a two-stage longitudinal clinical study, the investigators found that antiviral therapy reduced HCC recurrence in patients with a low HBV load [13] . However, that study included patients with early Barcelona clinical liver cancer (BCLC) stage (0 to A) or intermediate stage (B) , and the percentage of BCLC B stage in the non-antiviral group was nearly twice that of the antiviral group. Furthermore, several imbalances were observed between the antiviral and non-antiviral groups, including tumor encapsulation, tumor differentiation, and AFP [13] . Thus, the findings are not conclusive. Most recently, several studies showed that high levels of HBsAg were associated with short survival and early recurrence after surgery for HCC patients with low HBV viral loads [35] [36] [37] , which may provide a clue for selecting suitable candidates for antiviral therapy from HCC patients with low viral load. However, further investigation is needed to determine the magnitude of benefit and to clarify whether NAs should be administered to all or only a subset of patients (such as patients with cirrhosis or high levels of HBsAg) after curative treatment for HBV-related HCC [33] .
Our study also showed that DFS rate tended to be higher in the non-antiviral subgroup with low or undetectable HBV DNA level than in the antiviral subgroup with high HBV DNA levels, although the OS rate was similar. Cho et al. [38] recently found that patients with active chronic hepatitis B (CHB) who were receiving long-term NA treatment had a higher incidence of HCC compared with patients with inactive CHB. One possible explanation is that the inactive CHB group may have had more intact immune response to HBV and, therefore, the HBV infection may have entered the inactive stage early in the patient's life. However, in patients with high viral replication and active hepatitis, HBV DNA integration into hepatocytes that resulted in genomic alterations and/or chromosomal instability may have already occurred before initiation of NA treatment. This may explain why, in our study, patients in subgroup 4 had a higher DFS rate than patients in subgroup 1 who were treated with NAs after surgery. However, a more detailed investigation is needed to confirm these results.
In the present retrospective study, we included only the patients with TNM stage I and II disease who had normal liver function before surgery (Child-Pugh grade A); we excluded those who experienced severe complications shortly after surgery. We evaluated only patients who were likely to receive curative treatment and tolerate it well. Therefore, the conclusions may not be generalizable to all HCC patients undergoing surgery. During the treatment period between January 2005 and December 2008, whether it was beneficial to give antiviral therapy to HBV-related HCC patients who underwent resection was controversial at our institution. At that time, the major liver society guidelines for CHB only recommended that patients who had persistently elevated ALT levels more than two times the upper limit of normal should be considered for antiviral treatment. Decisions on antiviral treatment were made on a case-by-case basis, which may have caused selection bias. Therefore, prospective large-scale trials, with hepatitis B and cirrhotic HCC patients at various stages, will be required in the future to clarify the effects of antiviral therapy on survival and HCC recurrence [39] .
